In a preliminary 1987 study, we reported that the plasma fibrinogen level was significantly higher in Caucasian American men than Japanese men. To confirm this finding, we used data from 1,020 Japanese men and women in a 1989-1991 Akita, Japan, population study and from > 15,000 men and women from the 1986-1989 Atherosclerosis Risk in Communities (ARIC) Study. To examine further the correlates of plasma fibrinogen level, subsamples of nonsmoking Akita Japanese (n = 150) and Minneapolis Caucasians (n=150) were also studied separately in 1990. Compared with the Japanese in the Akita study, Caucasians and African Americans in ARIC had a 23-40 mg/dL higher age-adjusted fibrinogen level for men and a 25-67 mg/dL higher level for women. In the subsample, the mean plasma fibrinogen value was 288 mg/dL in Caucasian men and 248 mg/dL in Japanese men (test for difference: p<0.001). Women showed a similar racial difference: 300 mg/dL in Caucasians and 257 mg/dL in Japanese (p<0.001). There were weak but positive correlations of plasma fibrinogen with age and body mass index and weak inverse correlations with alcohol intake, high density lipoprotein cholesterol, and triglycerides in most of the sex-race groups. For women, plasma fibrinogen was positively associated with menopause and inversely associated with the use of hormone replacement therapy. Total fish intake was inversely associated with plasma fibrinogen in all sex-race groups, and the association was statistically significant for Caucasian men. After controlling for these correlates, the Japanese-Caucasian difference in mean fibrinogen value was smaller but was not eliminated: mean difference of 23 mg/dL (95% confidence interval, 0-47) for men and of 41 mg/dL (16-67) for women. These results confirm and extend the preliminary finding that plasma fibrinogen level is higher in American than in Japanese populations. This may contribute to the higher rate of coronary heart disease mortality in the United States than Japan. ecause the mortality from coronary heart disease (CHD) is higher in the United States than in Japan, 1 -2 we conducted a preliminary study in 1987 to compare hemostatic variables in samples of American and Japanese men. 3 We found that the smoking-adjusted plasma fibrinogen level was significantly higher in American Caucasians than in the Japanese men and corresponded to the difference in CHD mortality.
because the study used small samples composed mostly of male volunteers. These questions were as follows: 1) Does the racial difference in plasma fibrinogen exist for large population-based samples? 2) Does the racial difference in plasma fibrinogen level also exist for women? 3) Are there constitutional and environmental factors that may explain this difference? To answer the first two questions, we used population-based data from the 1989-1991 Akita, Japan Study and the [1986] [1987] [1988] [1989] Atherosclerosis Risk in Communities (ARIC) Study. 4 To answer the third question, correlates of plasma fibrinogen were investigated in a standardized fashion in 1990 in subsamples of 150 Akita Japanese and 150 American Caucasians from whom blood samples were freshly drawn. In the subsample study, smokers were excluded because plasma fibrinogen is known to be greatly affected by smoking, 3 -5 and smoking rates are higher in Japan than in the United States for men (63% in Japanese and 30% in Americans aged £20 years in 1987) and vice versa for women (13% in Japanese and 24% in Americans). 6 
Methods

Subjects
Population-based samples of men and women aged 45-64 years were used from the 1989-1991 Akita, Japan Study and the 1986-1989 baseline examination of the ARIC Study. 4 The Akita study included 1,020 Japanese living in the farming community of Akita in northeastern Japan. The ARIC Study sampled four US communities, and > 15,000 participants had their fibrinogen levels measured: 3,462 African Americans in Jackson, Miss.; 468 African Americans and 3,423 Caucasians in Forsyth County, N.C.; 3,954 Caucasians in Washington County, Md.; and 3,948 Caucasians in the northwestern suburbs of Minneapolis, Minn. African Americans in Maryland and Minnesota and other nonwhites were excluded from the analysis because of the small numbers of such subjects. Responses were 58% for Akita Japanese; 37% for Jackson, Miss., African Americans; and 65-66% in the other three US communities. Fibrinogen levels were compared among the populations, which were stratified by sex, age, and smoking status. Smoking status was defined by interview as either "current smoker," "exsmoker," or "nonsmoker." Current smokers were persons who reported smoking cigarettes regularly or occasionally, and former smokers were those who had been cigarette smokers. The remainder were considered nonsmokers.
To further examine the correlates of plasma fibrinogen, subsamples of 150 consecutive eligible men and women aged 47-69 years were drawn in 1990 from the Akita Japanese and Minneapolis ARIC samples. Blood was drawn separately for these subsample studies. In the subsample study, persons who had smoked cigarettes during the past 5 years; who had a history of diabetes mellitus, liver disease, CHD, or stroke; or who were taking anticoagulants were excluded. The protocol was approved by the University of Minnesota Committee on the use of human subjects. Written informed consent was obtained from the American participants. Japanese participants were informed of the fibrinogen examination in a recruitment letter.
Hemostasis Measurements
ARIC participants were asked to fast for 12 hours before blood sampling, but the Akita Japanese were not. In the subsample study, both Caucasians and Japanese were asked to fast at least 8 hours. Blood was drawn from seated participants into a citrated, siliconized glass tube. 7 The plasma was separated and stored at -70°C until measurement. Fibrinogen was measured by the clotting assay of Clauss, 8 using reagents obtained from General Diagnostics (Organon-Technika Co., Morris Plains, NJ.), at the Center for Adult Diseases, Osaka, Japan, for Japanese participants and at the laboratory of the University of Texas Health Science Center at Houston for the ARIC participants. In the subsample study fibrinogen from both Caucasians and Japanese was measured at the Center for Adult Diseases, Osaka.
Comparability of fibrinogen values from the two laboratories was tested by sending split specimens from 50 Japanese and 50 Caucasians to each laboratory. There was no difference in fibrinogen values (mean±SD): 276+51 mg/dL from the Osaka laboratory and 275±63 mg/dL from the Houston laboratory. The Pearson correlation coefficient between fibrinogen values obtained by the two laboratories was 0.69 (p< 0.001).
Measurements for the Subsample Study
Blood lipids were measured by using sera from the Japanese participants at the Center for Adult Diseases, Osaka, and plasma from the Caucasians at the ARIC Central Lipid Laboratory at the University of Texas, Houston. Total cholesterol and trigh/ceride levels in both groups were measured by enzymatic methods. 910 High density lipoprotein (HDL) cholesterol was measured after heparin-manganese precipitation by the Liebermann-Burchard method" for Japanese subjects and after dextranmagnesium precipitation by an enzymatic method 12 for Caucasians. The two laboratories have been standardized by the Lipid Standardization Program, Centers for Disease Control, Atlanta, Ga.
7 ' 13 Low density lipoprotein cholesterol was estimated from these three lipid values. 14 Although plasma values of total cholesterol have been reported to be 3-5% lower than serum values, 15 we did not adjust for the plasma-serum bias because the large racial difference in total cholesterol would have been magnified by such adjustment.
Height in stocking feet and weight in light clothing were measured, and a body mass index (BMI) was calculated as weight (in kilograms) divided by height (in meters squared). Systolic and diastolic blood pressures were measured on the right arm of seated participants after a 5-minute rest with a random-zero sphygmomanometer for Caucasians and a standard mercury sphygmomanometer for Japanese. Blood pressure technicians were trained according to American Heart Association methods. 16 Two blood pressure readings were obtained and averaged for the analyses. Although random-zero values have been reported to be 1-2 mm Hg lower than standard values, 17 we did not correct for this small bias because the interracial difference in blood pressure was large. An interview was conducted to ascertain usual alcohol intake per week and, for women, menopausal status. Data on the use of hormone replacement therapy were available for Caucasian but not for Japanese women. Hormone replacement therapy was assumed to be rare because it is not covered by medical insurance in Japan, and most general practitioners do not prescribe such therapy. 18 The analysis, therefore, was done under the assumption of no hormone replacement therapy in Japanese women.
Habitual fish intake was estimated from reports of the frequency and average portion size of fish consumed during the past month by using the same diet questionnaire for Japanese and Caucasian subjects. Fish was grouped into three categories, and participants were shown a list of fish in each group: 1) shellfish, including shrimp, lobster, crab, crayfish, abalone, clams, mussels, oysters, scallops, squid, and octopus; 2) light-meat fish, including pike, cod, perch, haddock, trout, catfish, sole, snapper, flounder, swordfish, and whitefish; and 3) darkmeat fish, including salmon, tuna, halibut, lake trout, mackerel, sardines, herring, and bluefish. Average portion sizes were estimated by use of life-size models and pictures. The fish consumption questionnaire was validated by comparison with serum fatty acid compositions. 19 
Statistical Methods
The t test or analysis of covariance was used to compare race-specific mean values of plasma fibrinogen for both sexes. For women in the subsample study, the ho et al Plasma Fibrinogen in Japanese and US Population Samples mean plasma fibrinogen value was also stratified by menopausal status because menopause is associated with higher plasma fibrinogen levels.
2021 These proportions were compared by the x 2 test. The significance of Spearman correlation coefficients was analyzed by the t test. To examine whether a racial difference in plasma fibrinogen existed after controlling for age and known coronary risk factors, sex-specific analyses of covariance were conducted. We should acknowledge that there were two violations of the assumptions of parallelism in the analyses of covariance, i.e., total fish intake in men and BMI in women, probably due to large differences in the racial distributions of these factors. These discrepancies, however, were judged not to have altered the overall conclusions. All probability values for statistical tests were two tailed.
Results
In each sex and age group, the mean plasma fibrinogen level was highest in African Americans, intermediate in Caucasians, and lowest in Japanese (Table 1) . Compared with Japanese, the American participants had a 23-40 mg/dL higher age-adjusted mean value for men and a 25-67 mg/dL higher mean value for women (/?<0.001 for both sexes). Table 2 lists age-adjusted mean values of plasma fibrinogen according to smoking status. The average number of cigarettes smoked daily by current smokers was 22 for Akita Japanese, 17-18 for African Americans, and 24-28 for Caucasians. The Caucasian-African American differences in mean plasma fibrinogen values among ARIC participants were less evident when stratified by smoking status. However, differences between the Japanese and American samples remained large for both sexes. Compared with Japanese, American participants had a 30-43 mg/dL higher age-and smokingadjusted mean for men and a 15-58 mg/dL higher mean for women (p<0.001 for both sexes). Table 3 summarizes sex-specific cardiovascular risk factor characteristics for Akita Japanese and Minneapolis Caucasians in the subsample study. Mean ages were between 56 and 58 in the four sex-race groups. Japanese subjects had significantly higher mean systolic and diastolic blood pressures and significantly lower BMIs. Mean alcohol intake was higher in Japanese than Caucasian men, whereas the opposite trend was seen for women. Fish intake was five times higher in Japanese than in Caucasians for both sexes. Mean total cholesterol, LDL cholesterol, and triglycerides were lower in Japanese than in Caucasians for both sexes, whereas the opposite trend was found for mean HDL cholesterol. For women, the incidence of menopause was 92% in Japanese and 81% in Caucasians. The prevalence of hormone replacement therapy among postmenopausal women was 28% in Caucasians.
The mean plasma fibrinogen value was about 40 mg/dL higher in Caucasians than in Japanese for both sexes (Table 4) . In each race, women had a 9-12 mg/dL higher fibrinogen level than men. For women, the racial difference in mean plasma fibrinogen level was 55 mg/dL before and 46 mg/dL after menopause. Caucasian women receiving hormone replacement therapy had mean fibrinogen concentrations that were 20 mg/dL lower than women who were not receiving such therapy. As shown in Figure 1 , distributions of plasma fibrinogen values were slightly skewed to the right. The proportions of the population samples with fibrinogen levels &300 mg/dL were 9% for Japanese men and 29% for Caucasian men (p=0.002). The respective proportions in women were 9% and 47% (/?<0.001).
Spearman correlation coefficients between plasma fibrinogen and known cardiovascular risk factors were examined in each race-sex group (Table 5) . Plasma fibrinogen was positively correlated with age in all sex-race groups and with BMI in all sex-race groups except for Japanese women. Fibrinogen was inversely associated with alcohol intake in all sex-race groups. HDL cholesterol and triglycerides were weakly and inversely correlated with fibrinogen in most sex-race groups. LDL cholesterol was not consistently correlated with fibrinogen. For women, fibrinogen was positively associated with menopause and inversely associated with the use of hormone replacement therapy. Total fish intake was inversely associated with fibrinogen in all sex-race groups, and the association was statistically significant for Caucasian men. When examined by type of fish, inverse associations of fibrinogen with light-meat fish or shellfish were more evident than those for dark-meat fish. Figure 2 depicts sex-specific scatterplots of fish intake and fibrinogen level in Japanese and Caucasians. Ninety-seven percent of Japanese men but only 12% of Caucasian men ate ^50 g of fish per week. The scatterplot for men suggested a threshold effect of fish intake on plasma fibrinogen. In the group of men who ate <50 g of fish per week, who were primarily Caucasians, one third had fibrinogen concentrations >300 mg/dL com- pared with only 7% of those who ate S50 g (primarily Japanese). On the other hand, all nine Caucasians who ate ^50 g had fibrinogen concentrations similar to most of the Japanese. The range of fish intake was smaller in women than in men, but the association between total fish intake and plasma fibrinogen level was generally similar. 
FIGURE 1. Sex-specific frequency distributions of plasma fibrinogen concentrations in nonsmoking Akita Japanese and Minneapolis Caucasians aged 47-69 years (1990).
According to an analysis of covariance, the racial difference in plasma fibrinogen was 23 mg/dL (95% confidence interval, 0-47, p=0.05) for men and 41 mg/dL (95% confidence interval, 16-67, p=0.002) for women after controlling for age, BMI, alcohol intake, total fish intake, triglycerides, and, for women, menopausal status and use of hormone replacement therapy.
Discussion
Mortality rates from CHD are much higher in the United States than in Japan." The incidence of myocardial infarction is also higher in American Caucasians than in Japanese. 22 Previous studies of middle-aged men have indicated that this difference in CHD corresponds to population differences in blood lipid profiles, i.e., total serum cholesterol, HDL cholesterol, and LDL cholesterol. 24 The subsample study showed a higher level of total cholesterol in Caucasians (plasma) than in Japanese (serum) for both men and women. Since plasma values of total cholesterol are 3-5% lower than serum values, 15 the racial difference in total cholesterol was probably even greater. Higher LDL cholesterol and lower HDL cholesterol levels in Caucasians were also observed, consistent with previous findings. 2 -3 -24 A significant association of plasma fibrinogen with mortality and the incidence of CHD in middle-aged Caucasian men was first reported from the Northwick Park Heart Study 25 ' 26 and then confirmed by four other prospective studies. 27 " 30 The Framingham Study reported a similar association between fibrinogen and CHD in women. 29 The association between fibrinogen and CHD was independent of conventional coronary risk factors 25 -262829 and approximately as strong as the association between total serum cholesterol and CHD. 25 - 26 The Northwick Park Heart Study 23 -26 found factor VII activity to be associated with CHD prospectively, but no other prospective study has reported this association. There is no prospective study on coagulation factors and CHD among Japanese.
The main purpose of the present study was to determine whether plasma fibrinogen levels in samples from Japanese and American communities are consistent with the difference in CHD rates between the United States and Japan. It was demonstrated that plasma fibrinogen levels were about 40 mg/dL higher in Amer- icans than in Akita Japanese. We reported previously that fibrinogen levels in Akita men were similar to those of male employees and volunteers living in Osaka, the second largest city in Japan. 3 level of plasma fibrinogen found in American adults than in Japanese adults indeed corresponds to the CHD difference between the two countries. Another purpose of this study was to examine constitutional and environmental factors associated with plasma fibrinogen. In univariate analyses for the subsamples of Akita Japanese and Minneapolis Caucasians, there were positive associations of plasma fibrinogen with age, BMI, and menopause and inverse associations with alcohol intake, HDL cholesterol, triglycerides, and use of hormone replacement therapy. These associations are consistent with the results of previous studies.
-
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- 33 In addition, we found an inverse association of plasma fibrinogen with fish intake in all sex-race groups. A large, cross-sectional, population-based study of 8,824 Scottish adults showed a positive association between fibrinogen and the intake of light-meat fish in men but not in women. 34 However, a small study of 118 British men showed no association between fibrinogen and fish consumption. 35 Despite the inconsistency of these cross-sectional studies, there are increasing numbers of clinical investigations indicating that supplemental fish or fish oils reduce plasma fibrinogen concentrations, 36 -41 although there are several reports that show no significant effects. 42 
"
43 Therefore, the inverse association found in this study is plausible. Several prospective studies have shown that fish intake is inversely associated with the incidence of CHD after adjusting for known coronary risk factors. 46 
48 Although these studies did not examine plasma fibrinogen, it seems plausible that a protective effect of fish intake may be due in part to reduced levels of plasma fibrinogen.
We also examined the associations according to the type of fish consumed. Our a priori hypothesis was that inverse associations would be more evident for darkmeat fish than for other types of fish, because dark-meat fish are rich in n-3 polyunsaturated fatty acids, which have been assumed to reduce plasma fibrinogen concentrations. An in vitro study using a hepatoma cell line (HepG2) showed that fish oil inhibited interleukin-6-inducible fibrinogen production, but sunflower oil did not. 49 Unexpectedly, we found in Caucasians that the inverse associations with fibrinogen were more evident for light-meat fish or shellfish than for dark-meat fish. This result cannot be fully attributed to misclassification of fish types because in a validation of the questionnaire 19 the percentage of serum n-3 fatty acids was associated more strongly with dark-meat fish intake than light-meat fish or shellfish. It is possible that the fibrinogen-lowering effects of fish are not the consequence of n-3 polyunsaturated fatty acids alone. 50 The Japanese-Caucasian differences in plasma fibrinogen levels were somewhat reduced but remained significant after controlling for sex, age, and several measured cardiovascular risk factors. This suggests there are other unmeasured environmental factors or a genetic difference between Japanese and Caucasians relative to plasma fibrinogen levels. There are several reports from England on significant associations between certain genotypes coding for fibrinogen proteins and plasma fibrinogen concentrations. 51 - 52 Analysis of the fibrinogen genotypes of the participants in our study is underway and will be reported elsewhere.
